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Abstract 
A three dimensional Coupled Hydrodynamical-Ecological Model for 
Regional and Shelf Sea (COHERENS) is used to investigate the environmental 
dynamics in the Taiwan Strait. Hydrodynamical simulation is emphasized on 
the following aspects, i.e., (1) distribution of tidal waves in the Taiwan Strait, (2) 
seasonal variation of wind-driven circulation in the Taiwan Strait, (3) upwelling 
induced by tidal current, monsoon and baroclinic effect, (4) the correlation 
among the Taiwan Strait circulation, the cyclonic circulation in the northeastern  
South China Sea and the Kuroshio. Based on the hydrodynamical simulation, 
seasonal variations of Chl-a and nitrate in the Taiwan Strait are analyzed. The 
major conclusions are summarized as follows: 
(1) Semidiurnal tidal waves spread into the Taiwan Strait in a Kelvin form 
from the southern and northern ends of the Taiwan Strait, respectively. The 
simulation results show that strong tidal current areas are located near the  
Fujian coast, the Penghu Channel, the Taiwan Shoal, the Penghu Islands and the 
northern Taiwan Strait, and the standing wave structure is shown near Taichung 
where the tidal current is weak.  
(2) The locations of M2 tide-induced upwellings are coincident with those 
of summer monsoon-induced upwellings, which are located along the western 
coast of the Taiwan Strait, in the south of the Taiwan Shoal and the sea area 
near Penghu Islands, et al. However, the intensity of the upwelling varies with 
the wind field. Summer monsoon is the main force of upwelling along the 
western coast of Taiwan Strait, but the contribution of M2 tidal current could be 
more significant than that of summer monsoon on the formation of upwelling at 
northwest coast of Taiwan Strait. 
(3) The “Kuroshio - South China Sea Branch”, which is adjacent to the 
cyclonic South China Sea circulation, may play an important role in the 
formation of the South China Sea Warm Current by inducing the sea level 
difference between northwest coast of South China Sea and the East China Sea, 
and between the coast of Guangdong and the continental shelf break of 
northeast South China Sea. The other important factors in the formation of the 
South China Sea Warm Current might be the salinity gradient resulted from the 
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 III 
temperature gradient related to the warm tongue caused by the Luzon Coastal 
Current in winter. 
(4) The hydrologic condition of the Taiwan Strait is subjected to the water 
from the northeastern South China Sea, which mainly origins from the 
Kuroshio in winter and spring,  and from the internal water of South China 
Sea in summer and autumn. 
(5) The annual cycle of chlorophyll and nutrients in the Taiwan Strait is 
simulated using the established model. During spring and autumn, algal blooms 
are broken out, the biomass of phytoplankton increases rapidly and the nutrients 
are depleted, especially in the subsurface water. During summer, high 
phytoplankton biomass and nutrients along the western coast of the Taiwan 
Strait is simulated, which evidences the upwelling events. However, high 
nutrients and high Chl-a biomass are not identified at the surface layer.  
 




















COHERENS模型在台湾海峡环境动力学研究中的应用             2006年 
 i 
目    录 
摘要 ............................................Ⅰ 
Abstract ............................................II 
第一章  绪论.........................................1 
1.1  引言................................................. 1 
1.2  台湾海峡环境动力学研究的进展......................... 3 
1.3  开展台湾海峡环境动力学研究的现实意义 ................. 5 
1.4  研究内容............................................. 6 
第二章  海洋生态系统模型研究进展及选用模型介绍 .......8 
2.1  海洋生态系统模型的研究进展........................... 8 
2.1.1  引言................................................ 8 
2.1.2  欧洲北海地区三维海洋生态系统模型的研究进展.......... 9 
2.2  COHERENS 模型介绍 ................................... 13 
2.2.1  COHERENS 模型总述 .................................. 13 
2.2.2  物理模块........................................... 14 
2.2.3  生态模型（生物及沉积物模块）....................... 16 
2.3  数值实验设计........................................ 20 
2.3.1  模拟范围及网格配置................................. 20 
2.3.2  数值离散方案....................................... 21 
2.3.3  湍流模型........................................... 22 
2.3.4  边界条件........................................... 23 
2.3.5  数值实验设计....................................... 24 
第三章  台湾海峡潮波特征的模拟......................26 
3.1  引言................................................ 26 
3.2  台湾海峡 M2分潮潮波研究进展.......................... 27 
3.2.1  台湾海峡 M2分潮潮波分布特征及影响范围 .............. 27 
3.2.2  台湾海峡 M2分潮潮流调和常数及椭圆要素分布特征 ...... 29 
3.3  模拟范围、初始条件及边界条件........................ 32 













COHERENS模型在台湾海峡环境动力学研究中的应用             2006年 
 ii 
3.3.2  初始条件和边界条件................................. 33 
3.3.3  稳定性判据......................................... 34 
3.4  台湾海峡潮汐、潮流模拟结果.......................... 34 
3.4.1  M2分潮的计算结果................................... 34 
3.4.2  其它分潮的计算结果................................. 44 
3.5  台湾海峡潮汐、潮流特征小结.......................... 52 
第四章  风应力驱动下台湾海峡的流场特征 ..............54 
4.1  引言................................................ 54 
4.2  数值实验设计........................................ 56 
4.3  边界条件和初始条件.................................. 56 
4.4  数值模拟结果........................................ 57 
4.4.1  无潮情况下均匀风场驱动数值实验..................... 57 
4.4.2  有潮情况下均匀风场驱动数值实验..................... 60 
4.4.3  有潮情况下实际风场驱动的数值实验................... 70 
4.5  台湾海峡风生流场模拟小结............................ 82 
第五章  台湾海峡斜压流场分布........................84 
5.1  引言................................................ 84 
5.2  模拟范围及基本方程.................................. 86 
5.2.1  模拟范围........................................... 86 
5.2.2  基本方程........................................... 86 
5.3  边界条件及初始条件.................................. 87 
5.3.1  边界条件........................................... 87 
5.3.2  初始条件........................................... 93 
5.4  模拟结果分析........................................ 93 
5.4.1  南海北部环流特征................................... 94 
5.4.2  台湾海峡水文场特征分析............................ 104 
5.5  台湾海峡及南海北部海区斜压流场模拟结果小结 ......... 110 
第六章  台湾海峡生物及化学要素模拟................. 112 













COHERENS模型在台湾海峡环境动力学研究中的应用             2006年 
 iii
6.2  台湾海峡生态系统模型构建........................... 113 
6.2.1  概念模型.......................................... 113 
6.2.2  生态模型.......................................... 114 
6.2.3  生物及化学要素的初始场、边界场.................... 116 
6.3  台湾海峡生物、化学要素场模拟结果................... 120 
6.3.1  台湾海峡冬季生物、化学要素场分布特征.............. 120 
6.3.2  台湾海峡春季生物、化学要素场分布特征.............. 124 
6.3.3  台湾海峡夏季生物、化学要素场分布特征.............. 126 
6.3.4  台湾海峡秋季生物、化学要素场分布特征.............. 129 
6.4  COHERENS 模型应用于台湾海峡生态研究中的不足 ........ 131 
6.5  台湾海峡生态场模拟结果小结......................... 133 
第七章  总结与展望.................................135 
7.1  论文的主要结论..................................... 135 
7.2  论文创新点......................................... 136 


































COHERENS模型在台湾海峡环境动力学研究中的应用             2006年 
 iv 
Contents 
Abstract in Chinese ..................................Ⅰ 
Abstract in English ...................................II 
Chapter 1  Introduction ...............................1 
1.1  Introduction .......................................... 1 
1.2  Progress of the study on the Environmental Dynamics in the 
Taiwan Strai .......................................... 3 
1.3  Significance of Developing Environmental Dynamics Research in 
the Taiwan Strait ...................................... 5 
1.4  Research Material ..................................... 6 
Chapter 2  Progress of Marine Ecological System Model 
Research and Overview of COHERENS............8 
2.1  Progess of Marine Ecological System Model Research ....... 8 
2.1.1  Introduction.......................................... 8 
2.1.2  Progress of Three Dimensional Marine Ecological System Models 
Developed for the North Sea ............................ 9 
2.2  Overview of COHERENS .............................. 13 
2.2.1  Introduction to COHERENS............................ 13 
2.2.2  Physical Module of COHERENS ........................ 14 
2.2.3  Ecological Module of COHERENS (Biological Model and Sedi- 
ment Model)........................................ 16 
2.3  Design of Numerical Experiments ....................... 20 
2.3.1  Simulating Area and Model Grids ....................... 20 
2.3.2  Numerical Discretisations.............................. 21 
2.3.3  Turbulent Models .................................... 22 
2.3.4  Boundary Conditions ................................. 23 
2.3.5  Design of Numerical Experiments ....................... 24 
Chapter 3  Simulation of Tidal Waves in the Taiwan Strait.... 26 













COHERENS模型在台湾海峡环境动力学研究中的应用             2006年 
 v 
3.2  Progress of M2 Tidal Waves Research in the Taiwan Strait .. 27 
3.2.1  Distribution of M2 Tidal Waves in the Taiwan Stratit......... 27 
3.2.2  Distribution of Harmonic Constants and Ellipse Parameters of M2 
Tidal Currents in the Taiwan Strait ...................... 29 
3.3  Studied Area, Initial Conditions and Boundary Conditions .. 32 
3.3.1  Studied Area ........................................ 32 
3.3.2  Initial Conditions and Boundary Conditions ............... 33 
3.3.3  Stability Criterion .................................... 34 
3.4  Modeling Result of Tide and Tidal Currents in the Taiwan Strait
.................................................... 34 
3.4.1  Modeling Result of Tide and Tidal Currents of M2 Tidal Compo- 
nent in the Taiwan Strait............................... 34 
3.4.2  Modeling Result of Tide and Tidal Currents of other Tidal Compo- 
nents in the Taiwan Strait.............................. 44 
3.5  Summarization of Tide and Tidal Currents in the Taiwan Strait
.................................................... 52 
Chapter 4  Wind-forced Circulation in the Taiwan Strait....... 54 
4.1  Introduction ......................................... 54 
4.2  Design of Numerical Experiments ....................... 56 
4.3  Boundary Conditions and Initial Conditions .............. 56 
4.4  Modeling Result ...................................... 57 
4.4.1  Experiments under Uniform Wind Field Condition .......... 57 
4.4.2  Experiments under Uniform Wind Field Condition with Tidal 
Effect Included...................................... 60 
4.4.3  Experiments under Actual Wind Field with Tidal Effect Included
.................................................. 70 
4.5  Summarization of Wind-forced Circulation Simulation in the 
Taiwan Strait ........................................ 82 
Chapter 5  Baroclinic Circulation in the Taiwan Strait .....84 













COHERENS模型在台湾海峡环境动力学研究中的应用             2006年 
 vi 
5.2  Studied Area and Basic Equations ....................... 86 
5.2.1  Studied Area ........................................ 86 
5.2.2  Basic Equations...................................... 86 
5.3  Boundary Conditions and Initial Conditions .............. 87 
5.3.1  Boundary Conditions ................................. 87 
5.3.2  Initial Conditions .................................... 93 
5.4  Modeling Results ..................................... 93 
5.4.1  Character of Circulation at Northern South China Sea........ 94 
5.4.2  Hydrological Character of the Taiwan Strait .............. 104 
5.5  Summarization of Baroclinic Circulation at Taiwan Strait and 
Northern South China Sea ............................ 110 
Chapter 6  Simulation of Biological and Chemical Parameters 
in the Taiwan Strait .......................... 112 
6.1  Introduction ........................................ 112 
6.2  Design of Ecological System Model in the Taiwan Strait.... 113 
6.2.1  Conceptual Ecosystem Model.......................... 113 
6.2.2  Ecological Model Used in Simulation ................... 114 
6.2.3  Initial Conditions and Boundary Conditions of Biological and 
Chemical Field ..................................... 116 
6.3  Modeling Result of Biological and Chemical Parameters’ 
Seasonal Variation in the Taiwan Strait ................. 120 
6.3.1  Distribution of Biological and Chemical Parameters in the Taiwan 
Strait in Winter ..................................... 120 
6.3.2  Distribution of Biological and Chemical Parameters in the Taiwan 
Strait in Spring ..................................... 124 
6.3.3  Distribution of Biological and Chemical Parameters in the Taiwan 
Strait in Summer ................................... 126 
6.3.4  Distribution of Biological and Chemical Parameters in the Taiwan 
Strait in Autumn .................................... 129 













COHERENS模型在台湾海峡环境动力学研究中的应用             2006年 
 vii 
Ecological Research .................................. 131 
6.5  Summarization of Ecolgical Modeling Result in the Taiwan 
Strait ............................................. 133 
Chapter 7  Summarization and Expectation .............135 
7.1  Main Conclusions.................................... 135 
7.2  Innovative Aspects................................... 136 





















































COHERENS模型在台湾海峡环境动力学研究中的应用             2006年 
 1 
第一章  绪论 
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图1.1  台湾海峡海底地形的分布  单位： m 
Figure 1.1  Topography of Taiwan Strait  
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图1.2  台湾海峡及其周边海域海底地形图  单位：m 































等深线为 20,50,100,200,500,1000,2000,3000,4000,5000 m 
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